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`~´ lpy kq{byqy~l`lkh~ h| lpy ´yskjy´ qhlkh~ (eg¼ }`usk~g
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usyjs »klp `~´ »klphul qhlhj kq{`kjqy~ls usk~g frequency-
´hq`k~ ly}p~kåuys |jhq }h~ljhb theory¼ Tpysy ly}p~kåuys

havy preÝkhusbz ¸yy~ `{{bky´ lh {`jlk}k{`~ls »klphul qhlhj
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�m�a aüûú� e�üÿùúa ümÿ �ýýp�÷�n�p�ü� øo ümÿaÿ üøøpa üø �ù÷pûúÿ

skq{by `~´ compleµ l`sºs usk~g qus}by interf`}ys `~´ usyjs

é��ê ����� ��æ�������� �ç��� ���������� ��õ��è ðæ���ô������ñ�

Decoding User Intent with Control Theory 

�èâéàèê éïäèà� îë ßâ äâ�îâääàîâ� áîëæîiêîâä éïßé pro�îáäë tech-
� r+!$ )�� *�#!� �- ��# *�� (+��� �- �'! #&��* c$ �) $&$�!*$

liky puq`~s `~´ deÝk}ys whjºk~g lhgylpyj lh achievy ` l`sº
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»y arguy lp`l }h~ljhb lpyhjz proÝk´ys po»yj|ub yslkq`lkh~
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(��' c�*(��!��$ �) �'! +$!�  �(+� Ú ��!�� ��# !���� c���!c� ��Ü

ÀÁÂ ÃÄÅÂÁÅÆÃÄÂÇ ÃÄ ÅÃÈÂÉÇÊÈÀÃÄ ÈÂÀËÌÁÂÈÂÄÅËÍ ÎÊÄÅÁÊÏ ÅÐÂÊÁÑ

CHI 2020 Paper CHI 2020, April 25–30, 2020, Honolulu, HI, USA

Paper 97 Page 3







ÒÓÔÕÖ×ÓØÙ×ÚÓÛ ÜÝØÞÜ×ÝÓßÚà
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÷ÿ 5ø F 6 þ  .  .  .  .

M� � ���w ��ve�e���� �	 � �	
��� �� � ��w ���e���� �� � ��e���� ,� � 	��� �������
����� �
 � �
	�� a
����e� �� � ��a������ ���		����

H� � ��a������ ������� �e � �
�� �a �e��
����� ��� � ��a������ ����������� ���e������ ��� � ��a������ ����������� ����
��e�

�e�aS�e	���e� ��	
���e��� 
��	�e� a��� �����
�e� e�� 
� ���� 
�� M��� e�� 
� ����

T� !" #$ P�%&'(')�*& +-�%�(&"%'.&'(.

/010 f100 t2 st23 t40 experim07t 8t any t9m0: R0s0t s;1007s

/4010 381t9;9387ts ;2c<= tak0 b108>s /010 sho/7 b0t/007

08;4 ?@ s0;27= t198<: P81t9;9387ts /9t4 m2t21 9m3891m07ts

pABCDBEAG IJ lAIKJ LN JBOIlK pAB PDQGOJODQT GApAQGOQd DQ fIJOdUAV
WOBAPJ observIJODQ DC PDQJOQUAG PlDQUK DB KpIKJOPOJX YEDBA JZIQ

27;0 301 ?@[s0;27= t198<\ w8s 8<s2 cs0= t2 97=9;8t0 mcs;<0

f]^_`gÓ ]h ] i×Ó]j Ù× h^ÙØ ØÙ_k^ ng×_k` ^oÓ ÓxØÓ×_ÝÓk^q

rft01 08;4 ;27=9t927u 381t9;9387ts v<<0= 2ct t40 Nrzr T8s>
{|}~ ��~�� ��{�� ���� �| �����ctiv��� ��}����� ��� ~��������

�� ������� ¡¢ �£� traj����¤¥ �¤¦�§ ¡¢ �¦¨§ ¦�¤�¨¨ ¨ © dif��¤�¡�
cateª2190s « m07t8< =0m87=u phys9;8< =0m87=u t0m3218< de-
¬®¯° ±²³´µ³¬®¶²° effµ³·° ®¯ ´³¸¹·³·ºµ®» ¼½² N¾¿¾ ¼ÀÁ

18t0s t40 w21><28= 2f 8 t8s> f12m Â (lo/ w21><28=\ t2 ÃÂÂ

ÄÅÆÇÅ ÈÉÊËÌÉÍÎÏÐ ÑÒ ÒÅÓ ÓÔÎ ÉÕ ÒÅÓ eÖ×ÓÊÆØÓÔÒÙ ÈÓ askÓÎ ×ÍÊ-
ÚÛÜÛÝÞßÚà áâãÚâãä theå Ýäãæãääãç Úâã èéàÜêã ëä àêÛçãä interfÞÜãì

Game Development 

í40 eî3019m07t w8s =0s;19b0= t2 381t9;9387ts 8s 8 t18ï0;t21y

t18;>97ª g8m0 ðñ9ª: ò\: P81t9;9387ts /010 ask0= t2 ;27t12< 8

3c13<0 =98m27= ;c1s21 27 t40 s;1007 cs97ª 8 s<9=01 21 t4091

EUKPlAKV óZA PUBKDB wIK BAKJBOPJAG JD EDJODQ OQ DQAôGOEAQKODQ

ðc3 21 do/7\: P81t9;9387ts ;27t12<<0= t40 ;c1s21 by 09t401

EIQOpUlIJOQd I EIQUIl interfIPA YKlOGABõ towIBGK DB awIX CBDE

t40 bodyu 21 activ8t97ª t40 mcs;<0 interf8;0 by 3c<<97ª c3 21

Øgho_k` nÙök ]`]_kh^ ] ×_`_n nÓ÷_øÓq

óZA JBIùAPJDBX JBIPúOQd JIKú wIK ûOKUIlOüAG UKOQd pygIEA ýVþVÿ

i� P��������� We u�e	 a ra�	�
�� p�a�e���i�e	 �u
����i�e�

8t 09ª4t fix0= f10fc07;90s b0t/007 Â:Ã[Â:0@ H� 87= ampli-
tc=0 t2 ª07018t0 3s0c=2187=2m 10f0107;0s 87= =9stc1b87;0s

Y(OdV LOOõV RAKAIBPZABK preûODUKlX CDUQG JZIJ CBA�UAQPOAK EUPZ

49ª401 t487 Ã H� 810 diffi;c<t t2 t18;> 97 t40 conteît 2f t49s
eî3019m07t [��u ?Ãu ??4: í40 32s9t927 2f t40 ;c1s21 27 t40

s;1007 w8s c3=8t0= by t40 cs01 973ct 8t 6Â H�u t40 sam0 up-
d��� frequency �� � ���sd��d c������� �c���s� T��� g��� w��

]n]Ø^Ón Õ×ÙÝ öÙ×j io �ûý� ]kn ÝÙ×Ó ×ÓøÓk^Ôo io �ùø ùù�q

Muscle Interface Development 

W0 cs0= t40 D0<sys T19ª72 E!" zyst0m ðD0<sys I7;: Mas-
��c�������# U$%& �� c�''�c� )*+ activ��y ,��� ��� b�c��� �sd

t19;03s 2f 2c1 381t9;9387ts: í40 D0<sys s07s21 9s 8 /910<0ss

-./ 12135.7-1 3788792/ :;1- <9 32<9<3=2 ;155<9>;? =9- 3722135;

E!" =8t8 8t Ã0�6 H�@ í40 0<0;t12=0s /010 3<8;0= 27 t40

b9;03s 87= t19;03s 8;;21=97ª t2 Surf8;0 Electromyography
ABC tFG Non-InvasivG JKKGKKLGMt BA NOKQSG VWXYZJN\ ]^_`

ghjklmjnlqw xzl {lmq|q q}~����l devlm}��ln� �j� ��q hqlk �}

9m321t ra/ E!" s9ª78<s f12m t40 D0<sys c79t t2 �yt427 f21

Õg×^oÓ× Ø×ÙøÓhh_k`q

��� vIlUAK �ABA QDBEIlOüAG �X PIlO�BIJOQd JZA ��� actiûOJX
ag����� ������������� ������� v�������� ������������ �� ���

be� ¡¡ ¡� ¢£ ¤¥¦ ¤§ ¨©ª «¦ ask¦¬ ¦¨¥ ®¨§¤  ®¨¡¤ ¤¢ fle¯ ¤¥¦ §

�OPApK DB JBOPApK IK ZIBG IK theX PDUlG JZBAA JOEAKT AIPZ CDB twD

°±²³´µ°¶ ·¸¹º± °±²»¼±µ ½¾ ¿¸± ¼¹À¹µ deÁ¹²± ³¼ ½¾ Â researcherÃ
Ä�� ÅÆ�� ���������� �Ç ��� ÈÉÊ Ë��� ��������Ë w�� sav�Ë Ç��

08;4 �[s0;27= t198<u 87= t40 av018ª0 2f t40 t4100 t198<s w8s

savÓn ]h ^oÓ Ý]x_ÝgÝ øÙk^×]ø^_Ùkq

RaÌ ÍÎÏ ÐÑÒÓÔÕÐ ÌÖ×Ö Ø×ÙÚÖÐÐÖÛ ÐÑÜÑÕÔ×ÕÝ ÞÙ ßàá âãäå ÍÎÏ

KæçMèSK éGCG êStGCGë ìí îCBQGKKæMç _ïï LK BA XNð ëètè èt è

ñòóôõ ö÷øù úûû óü windoý w÷ü þÿfñùôf üs�òñ ÿs òiñ� tw�o 5û
m� window� a�� �d���da���d� bd	
�d ta���� td avd�a�d 
	 td
twD �OQGD�KV WA JZAQ KPIlAG JZA �lJABAG ��� actiûOJX �X JZA

vÂº»± ³� ¿¸± �Â�¹�»� ²³´¿¼Â²¿¹³´ �³¼ ±Â²¸ �»°²º±Ã I� °²Âº±µ

���u ����� �|u �|�� ��� ������ }�~ �u����� ��u� ���|� } ������

�¦¬ ¤¥§¦�¥¢©¬ (¬¦�¡¦¬ ¨� 2��� ¢£ ¤¥¦ �¨¯ ��� contract ¢¡

f21 381t9;9387ts /9t42ct m2t21 9m3891m07ts\u t40 cs01 973ct

wIK KAJ JD üABDV óZOK AQKUBAG JZIJ pIBJOPOpIQJK PDUlG BAIPZ üABD

ÎÓ�×ÆÒÓ ØÆÔÉÊ ���Ò�ÍÒÆÉÔ� ÆÔ E ! �ÆÇÔÍÌ ÕÊÉØ ØÓÍ��ÊÓØÓÔÒ

n"#$%& O')%*+#$%, ')% -.$/0% +#') ')% larg%* $/10%3 v10.% w1$
10tc170= 8s t40 cs01 973ct@ If t40 b9;03s 48= 8 larª01 s;8<0=
v8<c0 t487 t40 t19;03su t40 ;c1s21 w2c<= mov0 c3u 87= 9f t40

t19;03s 48= 8 larª01 s;8<0= v8<c0 t487 t40 b9;03su t40 ;c1s21

wÙgÔn ÝÙvÓ nÙökq

JSS tFCGG îèCtæQæîèMtK éFB Fèë è strokG QBOSë MBt sufêQæGMtSí

10<8î t4091 mcs;<0s t2 2bt897 8 �012 cs01 973ct wit4 t40 �@@4

JZBAKZDlG GUA JD weakAB EI6OEUE PDQJBIPJODQKV óZA JZBAKZDlG

f21 �012 cs01 973ct f21 t40 mcs;<0 interf8;0 w8s 8=83t0= t2 8

ma7�m8m 
	 9:; 
	 td ma7�m8m c
�t�act�
�< �d=d����� 
�

^oÓ ÔÓvÓÔ ÙÕ eòô ]ø^_÷_^o öÓ ÙihÓ×÷Ón ng×_k` ×Óh^q

Slider Interface Development 

P81t9;9387ts m8793c<8t0= 8 ;cst2m s<9=01 ;2770;t0= t2 8 ÃÂ

kΩ potentiometer@ r7 Ar=c972 Dc0 ðr1=c972@;;\ w8s cs0=

t2 m08sc10 87= 9m321t t40 32t07t92m0t01 >8<c0s 97t2 �yt427

f21 fc1t401 312;0ss97ª@ í40 s<9=01 w8s ò@ mm /9=0  Ã�

mm t8<< × �� mm =003 87= 3197t0= /9t4 8 òD 3197t01 cs97ª

×

A?@ BCDFGHJK PLMNQHR JNG MCQSGT TGrLQTGS vGTU CQJJCG sJTGHRJNV
h_Ý_Ô]× ^Ù Øgho_k` ] ØÓk ]ø×Ùhh ] ^]iÔÓq

Data Analysis 

W�¦§  ¡®�¤ £§¢� ¦ ¤¥¦§ ¤¥¦ ���©¦ ¢§ �¨¡�¨© interf¨¦ª refer-
07;0 87= =9stc1b87;0 t18ï0;t2190su 87= 32s9t927 2f t40 ;c1s21

XY Z[\ ]^_\\Y w`] ^Xhh\^Z\j `Z kl pqv xXhh\^Z\j j`Z` w`] ana-
hyq\j zY {yZ[XY|v}v TX ~�`YZz�y �]\_ �\_�X_�`Y^\ Z`�zY� zYZX
������� ���� ���� ������ ��� ����� ����������� �� ������� ���
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¡¢ £¤¥¦¤§ interf¤¨©ª ¡«¤¡ ¨¢¦§¬ ¤§ª¢ ©¥¨¢¦¤®© ¯°§¤¡©¤§ interac-
±²³´ µ³¶ ·¸¹¶¸ º²±» ¼³±³¶ ²¼½¾²¶¼¹´±¸ ¾µ±¹¶ ´¹·¶³¿³À²Á ²´Â·¶ÃÄ

ÅÆÇ ÈÉÇ ÊËËÌÍÎÉÏÐÎËÉ ËÑ ÒÓÔÐÎÕÔÇ ÏÌÒ ÏÉÍ ÈÉÖÇÌ ÒÓ×ÊÔÇ× re-
Ø¦°©¬ ¡¢ ¦ª© £¤¥¦¤§ interf¤¨©ª ¤© ª°£Ù§°Ú©¬ ¡¢ activ¤¡°¥® ¢¥©
ÛÜ twÛ userÝÞßÛàáâ ãäàÞåáà æçèß ãäàÞåá interféÞáàê FÛÜ äàáÜà
ëìíî difïðñòíìóô õóö÷øöùìúû óööøö ðøööóðíìøú likó ñôóöô ëìíî
üýþýÿ iü��iÿü��þ�� q���þi��i�	 þt� i�þ��þ �ÿýü þt� ���ÿ i���þ

w«°§© °®¥¢°¥® ©¢ correc¡°¢¥ °ª ¤¥ °£Ù¢¡¤¥¡ £©¡°¨ f¢ quan-
íì÷
ìúû interfaðó perføöùaúðóo Iú íîó frequenc
y�øùaìú� ëó

d��������d p��������� �s���� �� deriv��� s�� ����� ���

u���� �� ! m" "� �m#$��m�% �& $%' sho��'  !$  !� (u$% �)�'

feedforwaö� ðøúíöøòòóöô ëóöó ëìíîìú öaúûó ø÷ ñôóöô ëìíîøñí

ùøíøö ìùõaìöùóúíôo Tîìô ìô ðøúôìôíóúí ëìíî ëîaí ìô knoëú
*+,-. /,.,0 1/2*10/34.5 *6.30 strok3e 78303 .83 +0*14 149-0:

ûóúóöaòò
 af÷óðíô íîó ùøíøö aú� ôóúôøö
 ðøöíìðóô ø÷ íîó böaìú

 !$ c"% �"; mu�c;� ��c�u� m�% $%' se%�"�n <��'=$c>& bu %" 

?@A BCDEEFEG HJ ?@A movAKAE? LMNOP TH ?@A QAR? HJ HSU knowl-
VWXVY ZV [\][]^VW _`V g\^_ [V\h]\jklrV jV_\xr h]\ z^V\^ Zx_`

¤¥¬ w°¡«¢¦¡ £¢¡¢ impai£©¥¡ª ¡«¤¡ Ø¦¤¥¡°Ú©ª ¦ª© °¥¡©¥¡{ ¡«¤¡
°ª{ ¡«© ¦ª© °¥Ù¦¡ ¥©©¬©¬ ¡¢ ¨¢¥¡¢§ ¤ de|°¨© ¡¢ follow ¤ ¬©ª°©¬

}~����}�~� �� }�� ������� �� �~~�~��

�«©ª© Ù¢£°ª°¥® ©ª¦§¡ª ª¦®®©ª¡ ¡«¤¡ £¦ª¨§© °¥¡©f¤¨©ª £¤� ¯©

¤ |°¤¯§© alternativ© ¡¢ £¤¥¦¤§ interf¤¨©ª t¢ ©¥¤¯§© ¯°§¤¡©¤§ ¤¥¬
unobstrusiv© de|°¨© °¥¡©¤¨¡°¢¥ f¢ ¦ª©ª w°¡« ¤¥¬ w°¡«¢¦¡ mo-
¡¢ °£Ù¤°£©¥¡ª� �¡ °ª especia§§� e�¨°¡°¥® ¡«¤¡ ¦ª©ª w°¡« £¢¡¢

°£Ù¤°£©¥¡ª ¤ÙÙ©¤ ¡¢ Ù©f¢£ ¯©¡¡© ¦ª°¥® ¡«© £¦ª¨§© ¡«¤¥ ¡«©

£¤¥¦¤§ interf¤¨© ev©¥ w«©¥ ¡«© Ù©f¢£¤¥¨© £©¡°¨ tak©ª °¥¡¢
������� ����� ����������� However� �� e����� ���� � ��  ����

¡¢£¢¤ ¥¡¦§¥¤¡¨©£ª «¥¬¬ ¦¨¤¢¤¡ ev¨© ®¨££¨¤ «¯¨© £¯¨¥¤ ¥©£¨©£

çà äàá° ±² éÜèç³Þçéå çâèáååç´áâÞá èÛ éààçàè æçèß áÜÜÛÜ ÞÛÜÜáÞèçÛâê

µ¶ ·¸¹¸º» w¼º½¾ ¿» enÀÁÂÁ¼¶ b¸ÁÃÄÁ¶Å Æ ÂÇÂ¹»È ¹ÉÆ¹ ÊË Ì¸ÁÍ½ÃÇ

ÎÏÐÑÐÎÒÓÑÔÕÓÖ ho× ×ÓØØ Ð ÖÙÓÎÔïÎ ÚÖÓÑ ÔÛÙØÓÛÓÜÒÖ ÔÜÒÓÜÒ ÝÑ

ÓÑÑÝÑ cÝÑÑÓÎÒÔÝÜÞ ßà ÖÚááÓÖÒÖ alternativÓ interfÐÎÓÖ ÒÏÐÒ ÛÐâ

improvÓ ÙÓÑãÝÑÛÐÜÎÓÞ ÐÜä åà emploâÖ adaptivÓ ÐØáÝÑÔÒÏÛÖ

æç èéêëéìè íèîïçîðëéìèñ Wè ìëé òèvèîëóè ïîèôõèéìö÷øçðëùé

£©¡«¢¬ª ¡¢ dev©§¢Ù userúªÙ©¨°Ú¨ ¤§®¢°¡«£ª ¡«¤¡ ¤¦®£©¥¡ ¦ª©
ûüýþÿ ÿt ct�ý�ü��ÿ� tf �fftf ctff�cÿûtü� A� �ü ex��ý¬�� con-
ÖÔäÓÑ ÒÏÓ äÓÖÔáÜ Ýã interfÐÎÓÖ ãÝÑ gÐÛÓÖ ÒÏÐÒ ÑÓrÚÔÑÓ rÚÔÎq

ÐÎÎÚÑÐÒÓ movÓÛÓÜÒÖe WÓ ÎÐÜ ÑÓÎÝÛÛÓÜä ÐÜ interfÐÎÓ ÒÏÐÒ

ÙÓÑãÝÑÛÖ ×ÓØØ ÔÜ ÑÐÙÔä high-frequencâ ÒÐÖqÖ ÐÜä ÔÛÙØÓÛÓÜÒ

ÐÜ ÐØáÝÑÔÒÏÛ ÒÏÐÒ ÐÚáÛÓÜÒÖ ÒÏÓ user’Ö ÐaÔØÔÒâ ÒÝ ÔÛÙØÓÛÓÜÒ

i����� 	�
 ����� �� ���� Frequency�
��	i� 	�	�y�i� i� 	

pow�~��� }��� }� ���� ����� ��� ������� ���~ ��}�~��}����

Limitations 

W� o�� !o"#$%�& '(� "m)!�� interf$!� ag$*�)' $ custom-bm*�'
sliderÞ ÝÜÓ ÒâÙÓ Ýã ÛÐÜÚÐØ interfÐÎÓ ÒÏÐÒ ÔÖ ÜÝÒ ÐÖ ÎÝÛÛÝÜØâ

ÚÖÓä ÔÜ äÐÔØâ ØÔãÓ ÐÜä wÐÖ ÜÝÒ äÓÖÔáÜÓä ãÝÑ ÚÖÓÑ ÎÝÛãÝÑÒ ÝÑ

p+,-.,/012+3 Additionally4 u5+,5 6+,+ 1.n 078+ n. 2u5n./9:+

ho× ÒÏÓ phâÖÔÎÐØ äÔÖÙØÐÎÓÛÓÜÒ Ýã ÒÏÓ ÖØÔäÓÑ ÛÐÙÙÓä ÒÝ ÒÏÓ

mov;<;=> ?= >@; sBC;;=D I= >@; EF>FC;G B?<HJCK=L >@; <FsBM;

interfÐÎÓ agÐÔÜÖÒ commercially-avÐÔØÐaØÓ ÛÐÜÚÐØ interfÐÎÓÖ

likÓ ÒÝÚÎÏÖÎÑÓÓÜÖÞ joâÖÒÔÎqÖÞ ÐÜä miÎÓ ÐÜä allo×ÔÜá ãÝÑ cus-
þýüiN�þiý� ý� interf�O� sensitiviþ� wý�PQ i��ýÿü Rt�� ü��OP�

interfSTUV SWU S dUVXWSYZU alternativU [\ ]S^_SZ interfSTUV `\W
compleb ��g�h�~�j����� ���}������ }��k��

TÏÓÑÓ ×ÓÑÓ ÐØÖÝ Ð ÜÚÛaÓÑ Ýã ÑÓÖÒÑÔÎÒÔÝÜÖ ÙØÐÎÓä ÝÜ ÒÏÓ par-
ÒÔÎÔÙÐÜÒÖ äÚÑÔÜá ÒÏÔÖ ÖÒÚäâ ÒÏÐÒ woulä ÜÝÒ aÓ ÔÜ ÙØÐÎÓ äÚÑÔÜá

evÓÑâäÐâ ÚÖÓ ÒÏÐÒ ÛÐâ havÓ afãÓÎÒÓä ÒÏÓ ÑÓÖÚØÒÖ Ýã ÒÏÓ studye
TÝ ÖÒÐÜäÐÑäÔÕÓ ho× ÙÐÑÒÔÎÔÙÐÜÒÖ ÔÜÒÓÑÐÎÒÓä ×ÔÒÏ ÒÏÓ ÛÐÜÚÐØ

interflz{| }{ ask{~ �l���z��l��� �� ��lz{ ��{�� elbo} �� l �l�~

surfÐÎÓ ÐÜä ÖÝØÓØâ ÚÖÓ ÒÏÓÔÑ aÔÎÓÙÖ ÐÜä ÒÑÔÎÓÙÖÞ ÑÐÒÏÓÑ ÒÏÐÜ

õ�ùéó æêèùî �îù�æ� çî �éóèî� æç ðëéùíõòëæè æêè sliderñ Wè ëò�ç

äÝ ÜÝÒ kno× ÒÏÓ efãÓÎÒ Ýã ÏÐÜäÓäÜÓÖÖ ÝÜ ÛÚÖÎØÓ ÝÑ ÛÐÜÚÐØ

interf¤¨© Ù©f¢£¤¥¨©� P¤¡°¨°Ù¤¥¡ª £¤� hav© Ù©f¢£©¬ ¯©¡¡©
w°¡« ¡«© £¤¥¦¤§ ¡«¤¥ ¡«© £¦ª¨§© interf¤¨© °f the� «¤¬ ¦ª©¬ ¡«©°

�������� ���� ����� ����� ��������� hav� ������ ������������
w�}� }���~ �������} �����

Lastly{ w°¡« ª¦¨« ¤ ª£¤§§ Ù¢Ù¦§¤¡°¢¥ ¢f Ù¤¡°¨°Ù¤¥¡ª w°¡« £¢¡¢

ÔÛÙÐÔÑÛÓÜÒÖ �ÒÏÑÓÓàÞ ÔÒ ÔÖ ÜÝÒ ÙÝÖÖÔaØÓ ÒÝ dra× ÖÒÐÒÔÖÒÔÎÐØØâ

ÖÔáÜÔïÎÐÜÒ ÎÝÜÎØÚÖÔÝÜÖe IÜ ÐääÔÒÔÝÜÞ ÛÝÒÝÑ ÎÝÜÒÑÝØ ÐaÔØÔÒâ ÔÜ

ÚÖÓÑÖ ×ÏÝ havÓ ÏÐä Ð strokÓ ÔÖ divÓÑÖÓÞ ÐÜä evÓÜ ÔÜ ÝÚÑ ÎÐÖÓ

s>F�� �; sa� larL; @;>;C?L;=;K>� K= Fs;C BJHJ KMK>K;sG <J¡K=L

ÔÒ ÎÏÐØØÓÜáÔÜá ÒÝ dra× áÓÜÓÑÐØ ÎÝÜÎØÚÖÔÝÜÖ ÐaÝÚÒ ÚÖÓÑÖ ×ÔÒÏ

¢£¤£¥ ¦¢§¨¦¥¢©ª¤«¬ However £®¥ §¥©¯¦¢¦ª¨¥° ¥©«®¯¤« «®±±©«¤

ÒÏÐÒ ÛÚÖÎØÓ interfÐÎÓÖ ÐÑÓ Ð ÙÑÝÛÔÖÔÜá alternativÓ ÒÝ ÛÐÜÚÐØ

interf²³´µ ²¶· ¸¹·´º»¶¼ ¸´½¾¹·µ ¿À¹¸ ³¹¶½À¹º ½¾´¹ÀÁ ³²¶ Â´

ÃÄÅÆ ÇÈ ÉÃÊËÇÌÍÎ ÃÄÅÏ ÌËÇÅËÇ ÄÅÐÊÏÊÇÅ ÍÏÈÑ ÅÏÏÈÏ ÒÈÏÏÅÒÇÌÈË ÍÈÏ

���Ó� Ô�}� Õ�}�Ó �Õ���ÓÕ��}��

CONCLUSION 

Ö×ØÙ ØÙ Ú×Û ÜÝÙÚ ÞßÞÛÝ Úà ÝÛÞàÝÚ àá Ú×Û ÞÛÝâàÝãßáäÛ àâ ß ãåÙäæÛ

vÛÝÙåÙ ß ãßáåßæ interfßäÛ âàÝ ÙØãÞæÛ (vÛæàäØÚçèéßÙÛêë ßáê com-
pleì íîïïðñðòîóôõö÷øîùðúû ïõöóôöüõüù óîùýù þõò üùðòù ÿôówõüó

ÛÝÒÝÑ ÔÛÙÐÔÑÛÓÜÒÖe WÓ ÔÜÒÑÝäÚÎÓä ÒÓÎÏÜÔrÚÓÖ ãÑÝÛ ÎÝÜÒÑÝØ

ÒÏÓÝÑâ ÒÝ rÚÐÜÒÔãâ ÒÏÓ ÙÓÑãÝÑÛÐÜÎÓ Ýã ÚÖÓÑ ÔÜÒÓÜÒ ÔÜ ÒÏÓ ab-
ÖÓÜÎÓ Ýã ÓÑÑÝÑÖ (likÓ ÚÜÔÜÒÓÜäÓä ÒÑÓÛÝÑ ãÑÝÛ ÛÝÒÝÑ impair-
ÛÓÜÒÖme UÖÓÑÖ ×ÔÒÏÝÚÒ ÛÝÒÝÑ ÔÛÙÐÔÑÛÓÜÒÖ ÙÓÑãÝÑÛÓä 4��

aÓÒÒÓÑ ×ÔÒÏ ÒÏÓ ÛÚÖÎØÓ ÒÏÐÜ ÒÏÓ ÛÐÜÚÐØ interfÐÎÓ ãÝÑ ÒÐÖqÖ

þt�þ ÿ�q�iÿ�Q ÿ��iQ Ot��	�� þý ���ÿ i���þ�i Pÿ�Piüi��ÿ� ÿ���Pþ�

ÖÚááÓÖÒ ÒÏÐÒ ÚÖÓÑÖ ×ÔÒÏ ÛÝÒÝÑ ÔÛÙÐÔÑÛÓÜÒÖ ÑÓÒÐÔÜÓä ÖÔÛÔØÐÑ

ÐaÔØÔÒÔÓÖ ÒÝ ÎÑÓÐÒÓ feedforwÐÑä ÛÝäÓØÖ Ýã Ð ÖâÖÒÓÛ ÐÖ ÚÖÓÑÖ

�ØÚ×àåÚ ãàÚàÝ ØãÞßÝØãÛáÚÙ� ßáê ßæÙà êÛãàáÙÚÝßÚÛê ãàÝÛ accu-
���� ������ ���� ��� ������ ���� ��� ������ ���������a M�����

interf���	 
�� prov�� p�����
���� adv������	 �� dev�e�p���
ÔÜÒÓÜÒ ãÝÑ complex ÒÐÖqÖ ãÝÑ ÚÖÓÑÖ ×ÔÒÏ ÐÜä ×ÔÒÏÝÚÒ ÛÝÒÝÑ

ÔÛÙÐÔÑÛÓÜÒÖe TÏÓÖÓ ÑÓÖÚØÒÖ ÖÚááÓÖÒ ÒÏÐÒ ÎÝÜÒÑÝØ ÒÏÓÝÑâ mod-
ÓØÔÜá ÎÐÜ pro�ÔäÓ Ð ÙØÐÒãÝÑÛ ÒÝ ÖÚÎÎÓÖÖãÚØØâ rÚÐÜÒÔãâ de�ÔÎÓ

ÙÓÑãÝÑÛÐÜÎÓ ÔÜ ÒÏÓ ÐaÖÓÜÎÓ Ýã ÓÑÑÝÑÖ ÐÑÔÖÔÜá ãÑÝÛ ÛÝÒÝÑ im-
ÙÐÔÑÛÓÜÒÖe SÚÎÏ ÐØÒÓÑÜÐÒÓ interfÐÎÓÖ ÖÏÝÚØä ÎÝÜÒÔÜÚÓ aÓÔÜá

dev������ }� �����Ó} ���Ó� �� ��� �����}����
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